Introduction
============

Breast cancer is the most frequently diagnosed malignancy in women.[@b1-ijn-10-2021] Despite considerable advances in early detection, diagnosis, and treatment, breast cancer is among the leading causes of cancer-related death in women.[@b2-ijn-10-2021]

Silver nanoparticles (Ag NPs) have gained interest in the field of nanomedicine due to their unique properties and obvious therapeutic potential in the diagnosis and treatment of some human cancer types.[@b3-ijn-10-2021] Numerous studies have used Ag NPs to induce apoptosis in tumor cell lines, but so far, no study has been able to reliably observe a significant difference in the effect of the Ag NPs between tumor and nontumor cell lines.[@b4-ijn-10-2021]--[@b6-ijn-10-2021]

The Ag NPs can be synthesized by chemical or microbiological methods. During the past few years, the microbiological alternative has gained importance because it presents some important advantages over chemical synthesis such as higher production, faster production, lower costs, and being eco-friendly.[@b7-ijn-10-2021]--[@b19-ijn-10-2021] Other relevant advantages have been observed in the different functional groups conjugated with the surface of biosynthesized Ag NPs, which could play an important role in various biomedical applications.[@b5-ijn-10-2021],[@b16-ijn-10-2021]

In the search for specific mechanisms which focus on discriminating tumor and nontumor cells, recent studies have reported that the endocytosis activity of tumor cells is largely increased compared to nontumor cells.[@b20-ijn-10-2021] Considering that the mechanism by which Ag NPs are uptaken by cells may be endocytosis,[@b21-ijn-10-2021],[@b22-ijn-10-2021] and due to endocytosis being increased in tumor cells, we hypothesized that Ag NPs produced by microbiological methods will be uptaken in a higher proportion by tumor cells than nontumor cells and will therefore be capable of inducing higher apoptosis rates in those cells.

In the present work, Ag NPs synthesized by a microbiological method were tested as antitumoral agents using two breast cancer cell lines. Fluorescent microscopy was used to measure endocytosis, showing the differences in apoptosis rates and cell viability between tumor and non-tumor cells.[@b20-ijn-10-2021]

Materials and methods
=====================

Silver nanoparticles
--------------------

The Ag NPs used in the present study were synthesized and characterized in the Laboratory of Industrial Microbiology of FQByF (Universidad Nacional de San Luis, \[UNSL\]) (unpublished data). These nanoparticles were obtained by microbiological synthesis from culture supernatants of the yeast *Cryptococcus laurentii* (BNM 0525). Moreover, chemical Ag NPs from Sigma-Aldrich Co. (St Louis, MO, USA) were used as control. The principal characteristics of Ag NPs are presented in [Table 1](#t1-ijn-10-2021){ref-type="table"}.

Cell culture
------------

MCF7 and T47D human breast cancer cells and MCF10-A normal breast cells were kindly provided by Scientific Implementation Center, University of Granada, Granada, Spain. Breast cancer cell lines were grown adherently and maintained in Dulbecco's Modified Eagle's Medium containing 10% fetal bovine serum, and 1% antibiotic solution containing penicillin and streptomycin at 37°C in 5% CO~2~. MCF10-A line cells were grown adherently and maintained in Mammary Epithelial Cell Growth Medium (without fetal bovine serum), 1% antibiotic solution containing penicillin and streptomycin, and 100 ng·mL^−1^ of choleric toxin, which has an enhanced mitogenic effect on epithelial cells.[@b23-ijn-10-2021] All experiments were performed in six-well plates, unless stated otherwise. Cells were seeded onto the plates at a density of 1×10^6^ cells per well and incubated for 24 hours prior to the experiments.

Cell viability assay
--------------------

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-zolium bromide) assay is a colorimetric assay for assessing cell viability. The NAD(P)H oxidoreductase enzymes may reflect the number of viable cells present. These enzymes are capable of reducing the tetrazolium dye MTT to purple insoluble formazan.[@b24-ijn-10-2021] MTT assay was used to determine cellular mitochondrial dehydrogenase activity, in order to reflect cell death.

The cells were plated in 96-well plates at an initial density of 1×10^4^ cells per well and cultured for 12 hours. Following this, different concentrations of Ag NPs were added and incubated for another 12 hours. Then, a total of 50 μL of MTT solution 2 mg·mL^−1^ in phosphate buffered saline (PBS) was added to each well and incubated for 4 hours. After careful removal of the culture media, 150 μL dimethyl sulfoxide per well was added to dissolve the precipitate for 30 minutes. Plates were read on a microplate reader (NanoQuant, Infinite M200 pro; Tecan, San Jose, CA, USA) at a wavelength of 570 nm and a reference wavelength of 690 nm.

Annexin assay
-------------

Annexin A5 is used as a test to detect phosphatidylserine and phosphatidylethanolamine expression on cell surface, an event found in apoptosis as well as other forms of cell death.[@b25-ijn-10-2021]--[@b27-ijn-10-2021] The three cell lines were incubated for 12 hours with 0, 2.5, and 5 μg⋅mL^−1^ of Ag NPs. After that, the cells were unstuck with trypsin and apoptosis detection was made using the Annexin V-FITC Apoptosis Detection Kit (Abcam, Cambridge, UK). Cells were labeled with annexin V fluorescein isothiocyanate (FITC) and counted by flow cytometry (Becton, Dickinson and Company, Franklin Lakes, NJ, USA).

Western blotting
----------------

To determine procaspase-9 and Bcl-2, the culture cells were exposed to 5 μg⋅mL^−1^ of Ag NPs. Cells were collected at 12 hours and lysed with buffer lysis (Cell Signaling Technology, Boston, MA, USA). Proteins were extracted and quantified by Pierce^®^ BCA-Protein assay kit (Thermo Fisher Scientific, Waltham, MA, USA) and 20 μg of proteins per well were placed in polyacrylamide gel (Bio-Rad Laboratories Inc., Hercules, CA, USA) and transferred to membrane (Bio-Rad Laboratories Inc.) by fast transference trans blot^®^ Turbo (Bio-Rad Laboratories Inc.). Membranes were blocked with nonfat milk for 1 hour and incubated with their corresponding primary antibodies overnight. Then, membranes were cleaned in PBS Tween 0.2% and incubated with corresponding secondary antibodies conjugated with horseradish peroxidase for 1 hour. After the cleaning of the membranes, they were revealed (GE Healthcare Ltd, Little Chalfont, UK) and observed in the photocamera (ImageQuant LAS 4000; GE Healthcare).

Caspase-3/7 and -8 activities
-----------------------------

Caspase-3/7 and -8 activities were measured using Caspase-Glo^®^ 3/7 and Caspase-Glo^®^ 8 Assay kits (Promega Corporation, Fitchburg, WI, USA) according to manufacturer's instructions. (Caspase-Glo^®^ 3/7 kit use a substrate to caspase-3 and caspase-7, detect activity of each one is not possible) Briefly, MCF7, T47D, and MCF10-A cells were seeded at 5×10^4^ cells/well in 96-well plates and grown for 12 hours. After incubation for 6 hours with 0, 2.5, and 5 μg⋅mL^−1^ of Ag NPs, Caspase-Glo^®^ reagent was added in each well. These plates were incubated for 1 hour, and the luminescence was determined by luminometer. We present the data as the mean ± standard deviation from three replicates.

FITC-dextran assay
------------------

Endocytosis differences between MCF7, T47D, and MCF10-A cell lines were measured using FITC-dextran (FD10S, average molar weight: 10.000; Sigma-Aldrich Co.). Cells were grown in 24-well plates over poly-L-lysine-coated coverslips for 12 hours, then treated with FITC-dextran at 0.5 mg⋅mL^−1^ and incubated for 0, 6, and 12 hours in culture conditions. After washing with cold PBS and fixing with 4% paraformaldehyde, the coverslips were mounted onto slides, using mounting medium with 4′,6-diamidino-2-phenylindole (DAPI). The samples were analyzed by fluorescence confocal microscope and quantification was performed using ImageJ 1.47t software (National institutes of Health, Bethesda, MD, USA).

Ag NPs endocytosis
------------------

To check that the Ag NPs are endocyted by the cells, a FITC conjugation was realized thanks to NH~2~ groups associated to NPs. ([Figure S1](#SD1-ijn-10-2021){ref-type="supplementary-material"}). On milliliter of the Ag NPs suspension was added to a solution of FITC in 0.1 M carbonate--bicarbonate buffer and vortexed for 1 minute, and the vial reaction was covered with aluminum foil and incubated for 2 hours at room temperature. To finish, the Ag NPs were washed with cold PBS. The cell lines were incubated with conjugated FITC Ag NPs for 15 minutes. After the incubation, the cells were washed with cold PBS and fixed as described previously, followed by a fluorescent identification of the early endosome marker EEA1. The cells were incubated for 30 minutes with blocking reagent, then incubated overnight with anti-EEA1 antibody (Abcam), and finally for 1 hour with alexa fluor 568 conjugated secondary antibody ([Figure S2](#SD2-ijn-10-2021){ref-type="supplementary-material"}). The slides were mounted using mounting medium with DAPI (Vector, Cambridgeshire, UK). Finally, the analysis was performed with confocal microscope (Zeiss LSM710; Carl Zeiss Meditec AG, Jena, Germany).

Endocytosis inhibition
----------------------

To see if the Ag NPs endocytosis is related to the cell activity loss, we performed a comparison between treated and untreated cells with dynasore. Dynasore is a dynamin inhibitor and dynamin is essential for clathrin-dependent coated vesicle formation. It is required for membrane budding at a late stage during the transition from a fully formed pit to a pinched-off vesicle.[@b28-ijn-10-2021] The cells were cultured in a 96-well plate for 12 hours, then they were incubated with dynasore for 6 hours, and finally were incubated with 0, 2.5, and 5 μg⋅mL^−1^ of Ag NPs for 12 hours. To detect the cell viability, an MTT assay was performed as described previously.

Statistical analysis
--------------------

Experiments were performed in triplicates. Data are expressed as mean ± standard error. Statistical analyses were performed using independent *t*-tests for two-group comparisons and a one-way analysis of variance, after checking homogeneity of variance using Levene's test, in case of multiple comparisons. Analysis of variance was followed by post-hoc Scheffé's test. Differences at *P*\<0.05 were considered to be statistically significant.

Results
=======

Previous studies
----------------

Prior to the present work, our previous studies of antitumor activity using chemical Ag NPs from Sigma-Aldrich Co. as control were been carried out. The chemical Ag NPs showed antitumor activity. But these did not show significant differences between tumor and nontumor cells ([Figure S3](#SD3-ijn-10-2021){ref-type="supplementary-material"}; [Table S1](#SD6-ijn-10-2021){ref-type="supplementary-material"}).

Antitumoral activity
--------------------

To determinate cytotoxicity of Ag NPs, MTT assays were carried out. We observed that cell viability reduction was correlated to Ag NP concentrations so that, at higher Ag NP concentrations, there was higher cell viability inhibition. A key aspect in this research was to see if tumor cells (MCF7 and T47D) were more sensitive than nontumor cells to the presence of Ag NPs. [Figure 1](#f1-ijn-10-2021){ref-type="fig"} and [Table S1](#SD6-ijn-10-2021){ref-type="supplementary-material"} show that cell viability was significantly reduced in tumor cells following 12 hours' incubation and using concentrations above 2.5 μg⋅mL^−1^, while in the case of MCF10-A, cell viability was just slightly reduced. Therefore, these data confirm that tumor cells are more sensitive than nontumor cells to biosynthetic Ag NPs treatment.

To see if the cell viability was reduced via apoptotic pathways, we performed annexin V affinity assay, which labels cells found in apoptosis so they can be detected by flow cytometry analysis. Following 6 hours' incubation and using 5 μg⋅mL^−1^ Ag NPs, 61% and 57% of the total number of MCF7 and T47D cells were found in the apoptosis process, respectively, while in the case of MCF10-A, the apoptotic population corresponded to just approximately 17% ([Figures 2](#f2-ijn-10-2021){ref-type="fig"} and [S4](#SD4-ijn-10-2021){ref-type="supplementary-material"}; [Table S2](#SD7-ijn-10-2021){ref-type="supplementary-material"}).

To observe if apoptosis was induced via either extrinsic or intrinsic pathways, as the result of mitochondrial toxicity generated by Ag ions inside of mitochondria,[@b4-ijn-10-2021]--[@b6-ijn-10-2021] we analyzed caspase-9 and Bcl-2 concentrations by Western blotting, and caspase-8 and caspase-3/7 concentrations by luciferase assay from cell lysates. The results showed that caspase-9 was overexpressed and caspase-3/7 activity was increased in MCF7 and T47D cells treated with Ag NPs, and those increases were proportional to Ag NP concentrations. Moreover, Bcl-2 expression proportionally decreased as Ag NP concentrations increased, while caspase-8 activity was unaffected. On the other hand, in nontumoral MCF10-A cells, caspase levels and activities presented only subtle changes, and Bcl-2 concentration was also maintained at constant levels ([Figures 3](#f3-ijn-10-2021){ref-type="fig"} and [4](#f4-ijn-10-2021){ref-type="fig"}).

Endocytosis activity
--------------------

To assess endocytosis activity, we performed a FITC-dextran assay, where we observed that tumor cells uptake dextran particles faster than MCF10-A cells ([Figures 5](#f5-ijn-10-2021){ref-type="fig"} and [S5](#SD5-ijn-10-2021){ref-type="supplementary-material"}). When we used FITC-conjugated Ag NPs, we observed that the Ag NPs enter into the tumor cells through endosomes. The colocalization between EEA 1 and Ag NPs was observed in the confocal analysis ([Figure 6](#f6-ijn-10-2021){ref-type="fig"}). The inhibition of endocytosis with dynasore showed an increase in cell viability in treated cells relative to untreated cells in the MTT assay results ([Figure 7](#f7-ijn-10-2021){ref-type="fig"}).

Discussion
==========

The aim of this work was to apply Ag NPs previously synthesized by a microbiological method in order to assess their cytotoxic activity and sensitivity in tumor and nontumor cell lines of breast cancer.

The cytotoxicity assays of biosynthesized Ag NPs from culture supernatants of *C. laurentii* showed that these Ag NPs reduced cell viability of two cell lines related to breast cancer. We observed that cell viability of breast tumor lines MCF7 and T47D was considerably decreased when cells were exposed to Ag NPs at concentration levels from and above 2.5 μg⋅mL^−1^. Moreover, apoptotic assays demonstrated that cell viability was induced by apoptotic mechanisms generated through the intrinsic pathway of caspase activation.[@b29-ijn-10-2021]

On the other hand, according to assays of the functional groups conjugated with the surface of Ag NPs and Fourier transformed infrared studies (unpublished data), we can confirm the presence of yeast proteins and polymeric carbohydrates perhaps of arabinogalactan type surrounding this nanoparticle, which would not allow their passing through cytoplasmic membranes by simple diffusion. Therefore, big parts of biosynthesized Ag NPs are uptaken by cells via endocytosis, and they enter into the cytosol within endosomes. These endosomes then fuse with lysosomes to give rise to endolysosomes characterized by an acidic environment. Then, inside the endolysosomes, the biosynthesized Ag NPs are catabolized forming amino acids and Ag ions.[@b30-ijn-10-2021] These ions produce increments of reactive oxygen species that, at mitochondrial levels, generate a dysfunction and the activation of caspases involved in apoptotic intrinsic pathways.[@b31-ijn-10-2021]

Moreover, by comparing apoptosis induction by Ag NPs in the MCF10-A nontumor cell line and MCF7 and T47D tumor cell lines, it can be clearly seen that the impact of biosynthesized Ag NPs from *C. laurentii* was significantly lower in the nontumor cells than in the tumor cells. We also observed, through utilization of FITC-dextran endocytosis assay, that MCF10-A has a lower endocytosis capability than MCF7 and T47D. These differences in endocytic capabilities between tumor and nontumor cells could explain why tumor cells are induced into apoptosis at lower Ag NPs concentrations than nontumor cells. For this reason, biosynthesized Ag NPs from *C. laurentii*, which are associated with proteins, can be an alternative to tackle, in a selective manner, tumor cells versus nontumor cells where differences in endocytosis activity acts as the targeting mechanism.

Conclusion
==========

In conclusion, we have shown that biosynthesized Ag NPs from culture supernatants of *C. laurentii* induce apoptosis in breast cancer cell lines while having a much milder effect in nontumor cell lines. Previous studies demonstrated that those Ag NPs were capped by yeast proteins and polymeric carbohydrates of arabinogalactan type, which is pivotal to avoid passive penetration through cytoplasmatic membranes by NPs into mammalian cells. Therefore, these biosynthesized Ag NPs were uptaken by breast cell lines via endocytosis, which is increased in tumor cells compared to nontumor cells. This has allowed us to present endocytic activity differences between tumor and nontumor cells as a targeting mechanism for selective antitumor treatments. These results can help to advance the design of new functionalized Ag NPs for direction towards specific tumor markers.

Supplementary materials
=======================

###### 

Graphic representation of conjugation reaction between Ag NPs and FITC molecules.

**Abbreviations:** FITC, fluorescein isothiocyanate; Ag NPs, silver nanoparticles.

###### 

Absorption and emission spectrums of used fluorochromes.

**Notes:** DAPI: blue; FITC: green; and Alexa Fluor 568: red.

**Abbreviations:** DAPI, 4′,6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate.

###### 

Antiproliferative efficacy of the Ag NPs produced by synthetic methods at different concentrations.

**Notes:** MTT assay was used on MCF7, T47D, and MCF10-A. All values are expressed as the means of the difference between optical density at 570 and 690 nm ± standard deviation.

**Abbreviations:** Ag NPs, silver nanoparticles; OD, optical density; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

###### 

Typical figure of flow cytometry that shows annexin V expression between MCF7, T47D, and MCF10-A cell lines.

**Notes: A**, **B**, and **C** show the dot plot of cytometry analysis, the population 2 (P2) included the single epithelial cells. **D**, **E**, and **F** show the histogram plot of P2 that separates between P3 (positive annexin) and P4 (negative annexin). **G**, **H**, and **I** show the estatistic parameters of the three populations.

**Abbreviations:** FITC, fluorescein isothiocyanate; FSC-A, forward scatter area; SSC-A, side scatter area.

###### 

Endocytosis assay using FITC-dextran.

**Notes:** Fluorescent intensity of cells was measured in eight fields per sample and is presented as mean ± standard deviation.

**Abbreviation:** FITC, fluorescein isothiocyanate.

###### 

Numeric table comparing cell viability of 0, 2.5, and 5 μg⋅mL^−1^ Ag NPs produced by *Cryptococcus laurentii* and by synthetic methods

                                                    0 μg/mL   SD      *P*-value   2.5 μg/mL   SD      *P*-value   5 μg/mL   SD      *P*-value
  ------------------------------------------------- --------- ------- ----------- ----------- ------- ----------- --------- ------- -----------
  **Ag NPs produced by *Cryptococcus laurentii***                                                                                   
  MCF7                                              0.59      0.065   N/S         0.37        0.091   0.038       0.31      0.057   0.019
  T47D                                              0.58      0.065   N/S         0.39        0.031   0.024       0.33      0.049   0.023
  MCF10-A                                           0.55      0.048   N/S         0.54        0.081   N/S         0.51      0.094   N/S
  **Chemical Ag NPs**                                                                                                               
  MCF7                                              0.56      0.071   N/S         0.31        0.091   N/S         0.20      0.074   N/S
  T47D                                              0.57      0.063   N/S         0.37        0.068   N/S         0.22      0.056   N/S
  MCF10-A                                           0.52      0.061   N/S         0.25        0.024   N/S         0.14      0.072   N/S

**Notes:** After 12 hours' incubation. Values are expressed as the means of the difference between optical density at 570 and 690 nm; *P*-value is shown when the differences are statistically significant with respect to MCF10-A.

**Abbreviations:** Ag NPs, silver nanoparticles; N/S, nonsignificant; SD, standard deviation.

###### 

Numeric table comparing effect of 0, 2.5, and 5 μg⋅mL^−1^ of Ag NPs produced by *Cryptococcus laurentii* after 12 hours' incubation

  Negative and positive populations   0 μg⋅mL^−1^   2.5 μg⋅mL^−1^   5 μg⋅mL^−1^                                      
  ----------------------------------- ------------- --------------- ------------- ---- ------ ------ -------- ------ --------
  P1                                  92.73         92.67           91.733        64   67.2   88.5   38.633   42.7   83.066
  P2                                  7.27          7.33            8.2666        36   32.8   11.5   61.366   57.3   16.933

**Note:** Negative annexin V populations are presented in P1 row while positive populations are in presented P2 row.
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![Antiproliferative efficacies of biosynthesized Ag NPs produced by *Cryptococcus laurentii* at different concentrations.\
**Notes:** MTT assay was used on MCF7, T47D, and MCF10-A. All values are expressed as the means of the difference between optical density at 480 and 690 nm ± standard deviation.\
**Abbreviations:** Ag NPs, silver nanoparticles; OD, optical density; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.](ijn-10-2021Fig1){#f1-ijn-10-2021}

![Annexin V-FITC flow cytometry assay.\
**Notes:** Negative annexin V populations are presented in P1 columns while positive populations are presented in P2 columns. Bar chart comparing effect of 0, 2.5, and 5 μg⋅mL^−1^ Ag NPs produced by *Cryptococcus laurentii* after 12 hours' incubation.\
**Abbreviations:** FITC, fluorescein isothiocyanate; Ag NPs, silver nanoparticles.](ijn-10-2021Fig2){#f2-ijn-10-2021}

![Western-blot quantification of Bcl-2 and caspase-9 by ImageJ software.\
**Notes:** To determine relative intensity values, the maximum value for each protein was assigned as 100%. Caspase-8 and caspase-3/7 activities were assigned by chemiluminescent assay following 6 hours' incubation with 0, 1, and 2 mg⋅mL^−1^ Ag NP concentrations.\
**Abbreviation:** Ag NPs, silver nanoparticles.](ijn-10-2021Fig3){#f3-ijn-10-2021}

![Caspase-8 and caspase-3/7 activities were assigned by chemiluminescent assay following 12 hours' incubation with 0, and 5 μg⋅mL^−1^ Ag NP concentrations.\
**Abbreviation:** Ag NPs, silver nanoparticles.](ijn-10-2021Fig4){#f4-ijn-10-2021}

![Fluorescent microscopy images of endocytosis assay using FITC-dextran.\
**Notes:** MCF7, T47D, and MCF10-A incubated with FITC-dextran 10.000 kD (0.5 mg⋅mL^−1^) at 37°C for 0, 4, and 8 hours. Nuclear fluorescence was obtained by DAPI.\
**Abbreviations:** DAPI, 4′,6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate.](ijn-10-2021Fig5){#f5-ijn-10-2021}

![Fluorescent microscopy images to identify Ag NPs and EEA1.\
**Notes:** The colocalization between EEA1 and AgNPs was observed in the confocal analysis. The arrows show the points with colocalization. Nuclear fluorescence was obtained with DAPI. **A** and **B** are MCF7 cells; **C** are T47D cells.\
**Abbreviations:** DAPI, 4′,6-diamidino-2-phenylindole; FITC, fluorescein isothiocyanate; Ag NPs, silver nanoparticles.](ijn-10-2021Fig6){#f6-ijn-10-2021}

![Antiproliferative efficacy of biosynthesized Ag NPs produced by *Cryptococcus laurentii* at different concentrations after 12 hours.\
**Notes:** MTT assay was used on dynasore treated and non-treated MCF7, T47D, and MCF10-A. All values are expressed as the means of the difference between optical density at 480 and 690 nm ± standard deviation.\
**Abbreviations:** Ag NPs, silver nanoparticles; OD, optical density; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.](ijn-10-2021Fig7){#f7-ijn-10-2021}

###### 

Principal characteristics of used Ag NPs of different origins

  Origin                     [a](#tfn1-ijn-10-2021){ref-type="table-fn"}Size (nm)   [b](#tfn2-ijn-10-2021){ref-type="table-fn"}Functional groups conjugated with the surface of Ag NPs
  -------------------------- ------------------------------------------------------ ----------------------------------------------------------------------------------------------------
  Chemical                   30±10                                                  None
  *Cryptococcus laurentii*   35±10                                                  --OH, --NH--, aliphatic CH, C=O, CN, CC, C-OH, C-O-C

**Notes:**

Transmission electron microscopy

Fourier transformed infrared characterizations.

**Abbreviation:** Ag NPs, silver nanoparticles.
